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BACKGROUND

This report provides partial and preliminary results from a larger study of the health
of a brigade of Airborne Soldiers at Fort Bragg, North Carolina. The content of this report
was distilled from a thesis which also served as partial fulfillment of the degree requirements
for the Masters of Science degree in Biostatistics at the University of Massachusetts,
Amherst. The full thesis was also published as ARIEM Technical Note 98-1, entitled
“Multiple Event Analysis of Injuries Using Adaptations to the Cox Proportional Hazards

Model.”
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EXECUTIVE SUMMARY

Risk of reinjury is poorly quantified in the medical literature. Two general factors
may compete to alter an individual’s risk of reinjury. While an injured individual may be
unable to participate in normal activities, thereby lowering exposure to injurious activities,
an injured individual may also be more likely to be injured if insufficient recovery time is
possible after the initial injury. The objective of this report was to model the risk factors
for a second injury given that a soldier had already been injured once. The study used a
retrospective cohort design to follow 1214 Army Airborne soldiers for periods up to 18
months. Records were collected from multiple sources including battalion aid station
outpatient records, dental records, jump logs, unit physical fitness test scores, unit height
and weight rosters, and unit personnel records. Several time to event statistical techniques
were evaluated, but only one is reported here. Because both the baseline hazard and the
parameter estimates are allowed to vary by injury event, the best technique was found to be
the Prentice, Williams, and Peterson (PWP) variation of the Cox Proportional Hazards
Model. Risk of injury was significantly higher among individuals who had already been
injured once. This reinjury risk was highest among individuals of Hispanic race, users of
alcohol, married soldiers, individuals seen only by a medic for the first injury, and among

younger and less physically fit soldiers.




INTRODUCTION

Individuals in the military, by virtue of their occupation and demographic
profile, are at high risk for injury. The reduction in productivity and economic effects
of injury are profound; however, there is still an incomplete understanding of the many
risk factors for injury. A recent effort by the Armed Forces Epidemiology Board
culminated in the publication of Injuries in the Military - A Hidden Epidemic. This
report provides a comprehensive review of the extent of the injury problem for the
United States Military (Jones and Hanson, 1996). Within this report it is suggested
that "previous injury history" and the "late effects of injury" have an effect on
subsequent risk of injury. These conclusions resulted from review of hospitalization
data and results from epidemiologic risk factor studies in which previous injury history
was determined by self reporting. Additionally, the two cited epidemiological studies in
which previous injury history was examined have contradictory findings. One suggests
that previous injury history is a risk factor for later injury (Jones, Cowan, Tomilson, et
al.,, 1993). The other suggests a protective effect (Brodine and Shaffer, 1995). Such
disagreement suggests further inquiry concerning the effect of previous injury on
subsequent injury is needed. Increasing the understanding of the effects of previous
injury history is therefore one of the primary objectives of this report.

The most comprehensive way to examine previous injury history as a potential

risk factor for injury would be to prospectively follow a cohort of individuals for a time



interval of adequate duration so that there would be a subgroup of subjects who
experienced two or more injuries. Comprehensive collection of all injury data should
be extracted from the individual's medical record in order to ensure maximum
ascertainment of injury events. There have been no published risk factor studies
conducted on military populations in which previous injury history was determined
from the individual's medical records.

Prospective examination of the population would provide many benefits. Both
type and severity of previous injury could be evaluated, as well as multiple aspects of
the medical care provided. These possible risk factors can be examined concurrently
with previously identified risk factors. Additionally, the effect of elapsed time since
previous injury on subsequent injury can be explored.

The statistical tools needed for the proper analysis of recurrent injury data
require sophisticated techniques that are largely untested for this purpose. This is
primarily because the addition of the medical record review to assess previous injury
history necessitates the study of a dynamic cohort of individuals, some of which may
not have an injury during the study interval. This analysis is further complicated by the
multiple injury setting. Regression techniques that have been previously used to
explore the multiple injury setting are the Andersen-Gill Model, the Prentice, Williams,
and Petersen (PWP) Model, and a Cox Proportional Hazards Model for an individual's

final injury. Previous research has demonstrated that the combination of the latter two

models are needed to comprehensively examine this situation (Schneider, In Press).



Therefore, an additional focus of this report is to provide the reader with an
understanding of these regression techniques as they pertain to multiple injury data
analysis. Detailed explanations of these statistical models can be found in Appendices 1

and 2.

METHODS

DATA COLLECTION

The objective of this study was to collect retrospective data from a variety of
sources on a dynamic population of Army Airborne soldiers in order to conduct a
comprehensive morbidity evaluation. In order to accomplish this a relational database
was designed and tested using Epilnfo version 6.0 prior to data collection. A "parent"
file was constructed during October 1994 using an electronic personnel roster from one
brigade of the 82nd Airborne Division (n=2147), Fort Bragg, NC. The roster was
obtained from Division Headquarters. A four digit unique identifier was created for
each individual.

Collection and abstraction of study data occurred during seven visits to Fort
Bragg, NC, between November 1994 and March 1996. Several categories of data
were collected, each maintained in a different location. Information in the Annual
Health Questionnaires for Dental Treatment was located in the dental clinic; however,
each battalion had its own medical clinic where individual medical records were

located. Army Physical Fitness Test (APFT) score cards were housed in the company




area, of which there were five per battalion (15 in total).

Data were abstracted by making photocopies of each individual's record from
each data source. Data from these photocopied records were then entered into Epilnfo
and linked electronically to the parent file via the four digit unique identifier. Data
sources were each individual's outpatient medical records, Annual Health Questionnaire
for Dental Treatment, APFT score card, and individual jump logs (not discussed or
analyzed for this report). Additionally, demographic data were extracted from the
Total Army Injury and Health Outcomes Database (TAIHOD). Details on the data

collection for each data source are given below.

Parent File

The parent file was constructed during October 1994 by obtaining an electronic
roster of one brigade in the 82nd Airborne Division (n=2147). This brigade consisted
of three, 671-person battalions and a 134-person headquarters company. The original
intent of this research was to conduct a comprehensive morbidity evaluation of the
entire brigade; however, logistical, budgetary and personnel constraints allowed the
medical record reviews to be conducted on only two battalions (n=1342). Therefore,
for the purposes of the data presented in this report, the available size of the parent file
was limited to the individuals in these two battalions.

The dynamic nature of this population made it necessary to make some changes

in the target population. Ninety-four (n=94) subjects were added to the parent file



because the presence of records on these persons from one or more of the data sources
indicated they were missing from the original parent file. Likewise, there were 162
subjects for whom data were unavailable from any data source. These subjects were
considered "non-arrivals" and were thus deleted from the parent file. This resulted in a
net reduction of the functional size of the parent file (1342+94-162=1274).

For the calculation of survival times, a roster of each individual's arrival date to
the brigade was constructed by the Brigade Headquarters during March 1995. This
enabled the calculation of each subject's time contribution to the study as the number of
days between an individual's arrival date and January 31, 1995, the last day of the study
interval. Each individual's time contribution was limited by the length of the medical
record review which, was 396 days (13 months) for first battalion and 549 days (18
months) for second battalion. If an individual's arrival date occurred prior to the
beginning date of the medical record review, their person time was truncated to the
maximum allotted for their respective battalion. The arrival date to the brigade was
available on all but 60 (4.7%) of the 1274 individuals on the parent file. Thus, the final

analysis sample size for these analyses is n=1214.

Medical Records

The original intent of a February 1995 data collection trip was to conduct
outpatient medical record reviews on the entire brigade for the 18- month interval,

ending on January 31, 1995. However, logistical, budgetary and personnel constraints




limited the review of the medical records to 2 of the 3 battalions. Additionally, the

medical record review of one of these battalions was intentionally limited to 13 months.

Information specific to a medical problem was recorded on a pre-designed data
collection form that included diagnosis; body part (if an injury); physiological system (if
an illness), number of follow-up visits; and highest level of medical provider seen for
the problem. Efforts to record lost duty time were abandoned due to the inconsistent
and incomplete nature of the documentation of limited duty profiles within the medical
records.

Nine hundred-eighty (n=980, 80.7%) individual medical records were reviewed
of the 1214 subjects remaining in the functional parent file, during February 1995. An
additional 185 (15.2%) of the medical records were reviewed during one of four data
collection trips that occurred between March and July of 1995, yielding a total of 1165

(96.0%) medical records which received complete review.

Dental Records

Within each individual's dental record is a Health Questionnaire for Dental
Treatment that is updated at least annually at the time of an individual's routine dental
checkup or visit for acute care. This questionnaire consists of 33 questions in which
the individual can answer yes, no, or unknown (Appendix 3). Two of these questions

pertain to cigarette use and alcohol use and were the primary reason for abstracting



these data (Amoroso, 1996).

One thousand five hundred ninety (n=1,590) dental questionnaires, representing
approximately 74.0% of the brigade, were initially photocopied in November 1994. An
additional 398 (18.5% of the brigade) dental questionnaires were photocopied during
one of four additional data collection trips between February and July of 1995, yielding
a total of 1988 collected dental questionnaires. Of the 1214 subjects in the functional

parent file, dental questionnaire data were collected on 1163 (95.8%).

Physical Fitness Data

" The APFT score card is maintained for each individual at the company level.
The APFT consists of a 2-minute timed push-up test, a 2-minute timed sit-up test and a
2-mile timed run. In addition to these data, information regarding the individual's
height and weight are also typically recorded on the APFT scorecard.

One thousand three hundred eighty three (n=1,383) APFT score cards,
representing approximately 64.4% of the brigade, were initially collected in November
1994. An additional 262 APFT score cards (21.6% of the functional cohort) were
discovered for individuals in the first and second battalions during one of three data
collection trips between May 1995 and March 1996, yielding a total of 1645 collected
APFT score cards. Of the 1214 subjects in the functional parent file, APFT score cards
could be obtained on only 1019 (83.9%). The dates of these assessments, though

generally available, are not included in the analyses presented here.



The 1214 subjects in the functional parent file were distributed among 10
Airborne companies, each of which apparently had a different method for recording an
individual’s height and weight at the time of the APFT. Some companies did record
this information on the APFT score card, while others constructed separate rosters of
these data. Of the 1214 subjects in the functional parent file, height and weight data

could be obtained on only 799 (65.8%).

Personnel Data

The Defense Manpower Data Center (DMDC) has been building a historical
archive on all active duty soldiers since 1974. This database primarily contains
demographic information on each individual. Much of these data were not available at
either the brigade, battalion or company level on the population being studied, but are
contained in'the USARIEM TAIHOD (Amoroso, 1997). Of the 1214 subjects in the
functional parent file, personnel files from the TATHOD were successfully abstracted

on 1202 (99.0%).

DATA ENTRY

The medical review forms and the photocopied records from the dental
questionnaires, jump logs and physical fitness score cards were entered into a pre-
designed data entry system. The data from each source (i.e., dental records, medical

records, etc.) were double entered into the database. After a computerized search for a




subject within the parent file, a menu was utilized directing the data clerk to the
appropriate data entry screen. The relevant data were entered and the data clerk
returned to the parent file where a search could be conducted on the next individual.
This process was continued until all data for that data source were complete. A
different data entry specialist then followed the same procedure to complete the second
entry of the same data. After data entry was complete twice for a specific data source,
the two entries of the data were compared electronically via either Epilnfo or SAS’.
Discrepancies between the two data entries were corrected by checking the photocopy

of the original data source.

DATABASE CONSTRUCTION FOR FAILURE TIME ANALYSIS

The primary objective of this research was to investigate the risk factors for
injury in the recurrent event setting. Only injuries that occurred to either the lower
extremity or low back and that were musculoskeletal (not poisoning or environmental
injury) were considered. In addition, we were specifically interested in investigating if
an injury to a specific body part increased the risk of a subsequent injury to either the
same or adjacent body part. Only the first and second injuries to the body parts of
interest were included in the analysis, as there were very few subjects with three or
more injuries. Two failure time models were utilized:

1) Prentice, Williams, and Peterson (PWP) Model of recurrent events in the

two event setting (Prentice et al., 1981).
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2) Cox Proportional Hazards Model of the time of the last injury event (Cox,

1972).

Potential explanatory variables were extracted from the dental questionnaires,
physical fitness scorecards and personnel data sources. Self-reported binary data
regarding cigarette and alcohol use were taken from the dental questionnaires. The
continuous variables corresponding to an individual's performance in the 2-minute
timed push-up test, 2-minute timed sit-up test and 2-mile timed run were extracted
from the physical fitness score card. Additionally, body mass index, a measure of body
density, was calculated from each 1nd1v1dual's anthropometric data.

Using the demographic information from the TATHOD, age at entry to the
study was calculated and was used as a covariate in the Cox Model for final injury, and
the first stratum (first injury event) in the PWP Model. Age at day of the first injury
was also caleulated when applicable and was used as a covariate in the second stratum
(second injury event) in the PWP Model. A binary variable describing marital status
and design variables representing ethnicity were also constructed from the TATHOD.
The referent group for ethnicity was Caucasian, and the design variables were
representative of Blacks, Hispanics, and Other Ethnicity.

Selected potential explanatory variables were extracted from the medical
records and were used in the second stratum (second injury event) in the PWP Model.

These included type of preceding injury and highest level of medical provider seen for

11



the preceding injury. These variables were not used in the stratum representing the
first injury event because these were considered measures of the sequelae of the first
injury.

A binary variable describing previous injury history during the study interval
was created for the Cox Model for last injury. Thus an individual with less than or
equal to one injury during the study interval was considered to have no injury history.
Conversely, individuals with more than one injury were considered to have a previous

injury history at the time of their second event.

ANALYSIS

Preliminary analysis included the calculation of descriptive data for both the
potential explanatory variables and the outcome of interest. Means and standard
deviations were calculated for all continuous variables. Frequency and relative
frequency distributions were computed for all discrete variables. The number of total
traumatic, overuse, and unspecified pain injuries were calculated, as well as the number
of specific injury diagnoses (i.e., fracture) in each of these groups. This information
was also calculated separately for the first and second injury events. Chi-square tests
were performed to test the differences in the proportion of injury type and specific
diagnosis between the first and second injury events. Similarly, the number of injuries
to specific body parts was calculated, and chi-square tests were performed to test the

differences in the proportion of affected body parts between the first and second injury

12




events.

We hypothesized that the differing length of follow-up between the two
battalions might necessitate that all regressions be stratified by battalion. Therefore,
prior to model building, Kaplan-Meier estimates of the survivor function, as well as
log-rank tests, were computed to determine if there were significant differences in these
distributions by battalion.

A stepwise procedure was initially utilized to construct the PWP Model. This
enabled the number of independent variables to be reduced to only those that may be
statistically significant. The stepwise procedure implemented a p-value for entry at
0.25 and a p-value for removal at 0.80. The high p-value fof removal was used so that
potential confounders would not be prematurely removed from the analysis. If a design
variable remained in the model after the execution of the stepwise procedure, all design
variables associated with the original categorical variable were retained. Starting with
the remaining independent variable with the largest Wald Chi-square p-value, variables
were individually removed from the model. The log-likelihood test was implemented to
determine model improvement. If the removal of a variable created a change of greater
than 20% to the coefficient of another covariate, that variable was considered to be a
confounder and was retained in the model. Design variables associated with a single
categorical variable that were non-significant and non-confounding were removed from
the model as a group. After ascertainment of the best main effects model, the scale of

continuous variables was assessed using smoothed scatter plots of the Martingale

13




residual for the model against the continuous variable of interest. Clinically plausible
interactions were explored and added to the model if statistically significant.

After the best model was determined, the proportional hazards assumption was
tested for each predictor in the model. The proportional hazards assumption was
tested by adding a variable representing the interaction of the predictor with the
logarithm of the time. Significance levels less than 0.05 tentatively suggested a
violation of the proportional hazards assumption. For predictors violating the
proportional hazards assumption according to this test, a log-cumulative hazard plot
was conducted (Collett, 1994), a plot of the negative logarithm of the estimated
survivor function against the logarithm of the survival time. In order to construct these
plots for continuous variables, the variable was divided into quartiles. Near parallel
curves suggested that the violation of proportionality was not severe and could be
reasonably ignored.

In developing a Cox Model of the time to last injury, we sought to determine if
previous injury history within the study interval was a risk factor for subsequent
history. Initially, a crude hazard ratio was calculated by having only the variable
representing previous injury history as a dependant variable. This hazard ratio was then
adjusted with respect to explanatory variables that were significant in either strata of
the PWP Model. The rationale for this alternative approach to model development was
to calculate the increased risk for injury that was attributable to having a recent (within

the study interval) previous injury. Additionally, the effect of previous injury history on

14



predictors from the other models could be examined.

RESULTS

DEMOGRAPHICS

Descn’ptive characteristics of the study population are presented in Tables 1 and
2. This is an all-male, predominately white, physically fit, young population. The
average age at entry to the study interval was approximately 24.0 (SD=5.0) years. The
average performance for the 2-minute timed push-up test and the 2-minute timed sit-up
test were 66.8 (SD=12.8) and 69.6 (SD=11.3) repetitions, respectively. The mean
performance for the 2-mile timed run was 13.7 (SD=1.3) minutes. The average height,
weight and body mass index, a measure of body density, were 1.8 (SD=0.07) meters,
76.1 (SD=9:5) kilograms and 24.5 (SD=2.6) kg/meters’, respectively. More than half
of the population reported that they were alcohol users and 30% reported that they
were cigarette smokers. Approximately 38% of the population were married and 79%

were Caucasian.
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TABLE 1 - Descriptive Data for Age, Fitness, and Anthropometric Variables

N mean SD
Age at entry to study interval (years) 1202 23.97 5.00
Push-ups (repetitions in 2 minutes) 1014 66.83 12.80
Sit-ups (repetitions in 2 minutes) 1018 69.58 11.32
Run time (minutes for 2 miles) 1011 13.69 1.32
Height (meters) 799 1.76 0.07
Weight (kilograms) 799 76.11 9.52
Body Mass Index (KG/meters?) 799 24.48 2.57

TABLE 2 - Descriptive Data for Gender, Alcohol and Cigarette Use,
Marital Status, and Ethnicity

N % yes

Male gender 1214 100%
Current alcohol user 1159 55.2%
Current cigarette user 1160 30.4%
Married 1201 38.0%
Ethnicity — White 946 78.7%
Black 125 10.4%

Hispanic 64 53%

Other 67 5.5%

16




INJURY

There were a total of 919 injuries during the study interval, 809 (88.0%) of

which were musculoskeletal injuries; the remaining 110 (12.0%) were either

environmental injuries or could not be classified in either group. Five hundred seventy

five (n=575) of the 919 total injuries occurred to either the lower extremities or the low

back, of which 520 (90.4%) were musculoskeletal in nature. Column I in Table 3

summarizes the number of uncensored observations available for modeling each injury

event, while column II shows the distribution of the multiple events. Only 460 of the

520 (88.5%) lower extremity and low back injuries occurring as either a first or second

event were of interest in this report. These injury events are denoted in bold face type

in Table 3.
TABLE 3 - Injury Events Available for Analyses (I)
and Distribution of Multiple Injuries (II)
I I
Number of Injury Number of Study Subjects Number of Study Subjects
Event Experiencing this Event for whom this is Event Total

0 875 875

1 339 218

2 121 74

3 47 35

4 12 11

5 1 1

Table 4 summarizes the periods of follow-up. The mean time contribution for

members of first battalion was 340.8 days (SD=96.4) and ranged from 21 to 396 days.

Members of second battalion contributed an average of 397.3 days (SD=165.6) and
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ranged from 19 to 549 days. Table 4 also summarizes the distribution of injury event
numbers by battalion. For the analysis of the first injury, there were 339 events and
875 censored individuals. There were 121 events and 218 censored subjects for the
analysis of the second event. The distribution of the number of injury events did not

differ by battalion.

18



TABLE 4 - Contribution of the Analysis of Time to Event by Battalion

1* Battalion 2nd Battalion Total
Person Time (days)
n 614 600 1214
mean 340.8 3973 368.7
SD 96.4 165.6 138.0
min 21 19 19
max 396 549 549
Analysis of 1st Injury
# of Events 170 169 339
# Censored 444 431 875
Total 614 600 1214
Analysis of 2nd Injury
# of Events 60 61 121
# Censored 110 108 218
Total 170 169 339
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Table 5 summarizes specific injury diagnosis by category (traumatic, overuse or
unspecified pain) for all lower extremity and low back injuries. First and second injury
events are separately displayed. The percentage of total injuries, as well as the
percentage by injury category, is given for each diagnosis. Chi-square tests suggest
that the proportion of first and second injury events are not statistically different in

terms of either injury category or specific diagnosis.
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TABLE 5§ - Injury Type and Diagnosis for Total Lower Extremity/Low Back

Musculoskeletal Injuries and by Event (Injury) Number

Injury Diagnosis Total 1st Event 2nd Event
Category n (% of total inj) n (% of total inj) n(% of total inj)
(% of inj type) (% of inj type) (% of inj type)
Traumatic | Sprain/Strain 203 (44.1) 151 (44.5) 52 (43.0)
(70.7) (71.9) (68.4)
Contusion 35(7.6) 23 (6.8) 11 (9.1)
(12.2) (11.0) (14.5)
Fracture 20 (4.3) 13 (3.8) 7(5.8)
(7.0) (6.2) 9.2)
Abrasion/Laceration 10 (2.2) 912.7) 1(0.8)
(3.5 (4.3) (1.3)
Other 19 (4.1) 14 (4.1) 54.1)
(6.6) ©6.7) 6.6)
TOTAL 287 (62.4) - 210(61.9) 76 (62.8)
Overuse Unspecified 41 (8.9) 28 (8.3) 13 (10.7)
Strain (37.7) (35.9) (41.9)
31(6.7) 25(7.4) 6 (5.0)
Stress Fx/Rxn (28.4) (32.0) (19.4)
14 (3.0) 11 (3.2) 3(2.5)
Tendinitis (12.8) (14.1) ©.7
11 (2.4) 6(1.8) 5.1
Other (10.1) (7.7) (16.1)
12 (2.6) 8 (2.4) 4(3.3)
TOTAL (11.0) (10.3) (12.9)
109 (23.0) 78 (23.0) 31(25.6)
Pain Unspecified 64 (13.9) 51 (15.0) 13 (10.7)
Totals 460 339 121

Information regarding the frequency of injuries to specific joints or muscle

groups is presented in Table 6. The most common body parts injured were the ankle,
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knee, low back, and foot (including the toes), and together accounted for 402 (87.4%)
of the 460 injuries of interest. The proportions of all injuries that occurred to the lower
leg (shin and calf) were not homogeneous between the first and second injury events
(Chi-square p=.026), with 24 of the 26 injuries (92.3%) occurring to this region as the
first injury. There were no significant differences in the proportions of injuries between

first and second injury events for all other body parts.
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TABLE 6 - Body Part Affected for Total Lower Extremity/Low Back
Musculoskeletal Injuries and by Event (Injury) Number

Body Part Affected Total 1st Event 2nd Event
n (% of total inj) n (% of total inj) n (% of total inj)

Ankle 112 (24.3) 88 (26.0) 24 (19.8)
Knee 105 (22.8) 72 (21.2) 33 (27.3)
Low Back 95 (20.7) 71 (20.9) 24 (19.8)
Foot/Heel/Toe 90 (19.6) 61 (18.0) - 29(24.0)

" Shin/Calf 26 (5.7) 24 (7.0) 2(1.7)
Hip 17 (3.7) 10 (2.9) 7(5.8)
Thigh 11 (2.4) 9(2.7) 2(1.7)
Multiple Low 4(0.9) 4(1.2) 0 (0.0)
Totals 460 339 121

" denotes a significant difference (p<.05) of the proportion of affected body parts by event

FAILURE TIME REGRESSION ANALYSES
Prior to model building, Kaplan-Meier estimates of the survivor function, as

well as log rank tests, were conducted to ascertain that there was no difference
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between the two battalions. Both the Kaplan-Meier estimates, as well as the log rank
tests, revealed no significant differences between the two battalions (data not shown).
This verified that regression models could be constructed by stratifying by battalion,
therefore accommodating for the different length of the retrospective medical record

reviews.

The Prentice Williams and Peterson (PWP) Model

The first strata (first injury event) of the PWP Model resulted in parameter
estimates that suggest that increased hazard of injury is associated with lower push-up
performance, lower sit-up performance, and younger age at entry to study. Also
predictive of increased hazard were use of alcohol and being married (Table 7).
Specifically, a 10-unit decrease in upper body strength and endurance as measured by
the 2-minute timed push-up test was associated with a 16.2% increased risk of lower
extremity musculoskeletal injury (P < .01). Similarly, a 10-unit decrease in abdominal
and hip flexor strength and endurance as measured by the 2-minute timed sit-up test
resulted in a 15.2% increased risk of injury (P <.05). A 1-year increase in age resulted
in a 4.1% decrease in risk of lower extremity injury (P < .01). Alcohol users were at
30.4% greater risk of injury (P < .05). There is evidence that married subjects had a
relative odds of injury 27.0% greater than that of their unmarried counterparts (P <
.10). This variable was retained in the final model primarily because of its marginal

significance and that it was a confounder on the variable, age, at entry to study.
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Removal of the marital status variable from the model resulted in a 32.0% change in the
parameter estimate for age (data not shown). Previous research links tobacco use and
injury risk (Amoroso, 1996). In this analysis, tobacco use fell out of the model, even if
alcohol use was forced out first.

The second strata (second injury event) of the PWP Model resulted in
parameter estimates that suggest that the following were associated with a repeat
injury: decreased push-up performance, traumatic first injury, and seeing only a medic
as the highest level of provider for the first injury. Additionally, Hispanics were at
increased risk and individuals in the "Other Ethnicity” category were at lower risk
(Table 7). A 10-unit decrease in upper body strength and endurance as measured by
the 2-minute timed push-up test resulted in a 24.9% increased risk of subsequent injury
(P <.01). Ifthe subject's first injury was categorized as a traumatic injury, there was
an 83.4% increased risk of subsequent injury than if the first injury was categorized as
overuse or unspecified pain (P < .01). Subjects who saw only a Medic, the lowest level
of medical provider, for the preceding injury were 71.6% more likely to undergo a
subsequent injury (P <.05). Hispanic individuals had greater than four times the risk of
experiencing a second lower extremity injury than did Caucasian individuals (P < .001).

Two thirds of the Hispanic subjects who were at risk to experience a second lower
extremity injury did so, compared to 34.3% of the remainder of the subjects (data not

shown).
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TABLE 7 - Parameter Estimates for Final PWP Model

Parameter | SE Hazard Ratio (95%

Stratum=1 (1* Injury) Estimate CI)
Push-ups (10 repetition decrease) 0.150™ 1 0.056 | 1.162 (1.042, 1.296)
Sit-ups (10 repetition decrease) 0.142 ™ 0.063 | 1.152 (1.018, 1.305)

Age at entry to study (1 year increase) | -0.040™" 0.015 | 0.961 (0.933, 0.989)

Alcohol user (vs. abstainer) 0.265™ 0.121 | 1.304 (1.028, 1.653)

Married (vs. non-married) 0.239 % 0.141 | 1.270 (0.963, 1.675)

Stratum=2 (2nd Injury)

Push-ups (10 repetition decrease) 0.223™ 0.083 | 1.249 (1.062, 1.470)

Previous Traumatic Injury 0.607 ™ 0.217 | 1.834 (1.200, 2.804)

Highest level of Medical Provider from | 0.540 ™ 0.251 | 1.716 (1.049, 2.808)
Previous Injury: Medic (vs. all others)

Ethnicity (referent = White): Black 0.037 0.374
Hispanic 1.446 ™" | 0.368 | 4.246 (2.023, 8.738)
Other -1.243" 0.726 | 0.289 (0.070, 1.120)
Model Chi-Square = 69.289, 11df (p=0.0001)
'P<.1 TP<.05  'P<.01  "P<.001 ‘confounded with age (1st stratum)

The Cox Model of Time to Last Injury

The purpose of the Cox Model of time to last injury was to determine the
magnitude of the increased hazard associated with a previous injury event. Table 8
shows both crude and adjusted values of parameter estimates, standard errors and
hazard ratios for the history of previous injury, as well as for significant variables in the

PWP Model. The adjusted value is adjusted for variables that were statistically
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significant in the PWP Model, which included push-up performance, sit-up
performance, age at entry to study, alcohol user (vs. abstainer), marital status and
ethnicity. The variables describing previous traumatic injury and highest level of
provider for the previous injury were not included in this model. This is because the
last injury event is not the second injury event for all individuals. The crude and
adjusted parameter estimate values corresponding to previous injury history did not
differ considerably, suggesting that its effect is independent of those of the other
predictors of recurrent injury and that individuals with a history of one injury are at
approximately seven times greater risk of a second injury.

The effect of previous injury history is perhaps easier to interpret by
examination of a log-rank test for equality of the survivor functions between those with
a prior injury history versus those without a prior injury history. Table 9 illustrates that
if previous injury history was not a risk factor for subsequent injury, only 25 of the 339
injury events would have been a second injury event. The actual number of second
injury events (individuals with a previous injury history) was 121, a value that is almost

five times greater than the expected number of subjects with previous injury history.
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TABLE 8 - Crude and Adjusted Parameter Estimates for History of Previous
Injury and Other Covariates from Cox Regression Model for Last Injury

Parameter | SE Hazard Ratio (95% CI)
Estimate

History of Previous Injury (crude) | 2.005" 0.117 | 7.426 (5.905, 9.338)
(adjusted) | 1.941°""" 0.130 | 6.965 (5.394, 8.992)
Push-ups (10 rep decrease) (crude) | 0.204™" | 0.046 | 1.227 (1.121, 1.342)
(adjusted) | 0.058 0.055 | 1.060 (0.951, 1.181)
Sit-ups (10 rep decrease)  (crude) | 0.207""" | 0.052 | 1.230(1.110, 1.363)
(adjusted) | 0.156" 0.065 | 1.169 (1.030, 1.327)
Age (1 yr. increase) -0.033™" ] 0.012 | 0.968 (0.945, 0.990)
(crude) -0.038" | 0.015 | 0.963 (0.935, 0.991)

(adjusted)
Alcohol user (vs. abstainer) (crude) | 0.107 0.111 | 1.113 (0.895, 1.385)
(adjusted) | 0.290" 0.123 | 1.337(1.051, 1.701)
Married (vs. non-married)  (crude) | -0.022 0.112 | 0.978 (0.785, 1.218)
(adjusted) | 0.080 0.139 | 1.083 (0.824, 1.423)
Ethnicity : Black: (crude) | -0.093 0.185 | 0.911 (0.635, 1.308)
(adjusted) | 0.244 0.221 | 1.277 (0.828, 1.968)
Hispanic: (crude) | -0.164 0.265 | 0.849 (0.505, 1.428)
(adjusted) | -0.125 0.298 | 0.883 (0.492, 1.582)
Other:  (crude) | -0.122 0.258 | 0.885 (0.534, 1.466)
(adjusted) | 0.209 10.289 | 1.232 (0.700, 2.170)

Model Chi-Square for history of previous injury

(crude) = 228.15, 1df (p=0.0001)

Model Chi-Square for history of previous injury (adjusted) = 220.44, 9df (p=0.0001)

Aok Aqokofok

<1 "P< .05 P< 01 P< .001
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TABLE 9 - Log-Rank Test for Equality of Survivor Functions
for Previous Injury History

Observed Expected
No previous injury history 218 314
Previous injury history 121 25
Totals 339 339

Chi-square = 400.5, 1df (p < 0.0001)

Proportional Hazards Assumption

An underlying assumption of the Cox Model is that the survival time among
individuals in two or more different groups of a significant variable are proportional to
one another. Since the PWP Model reduces to the Cox Model in the absence of more
than one event, it is reasonable to examine this assumption for this model as well. One
method of testing this assumption is by adding a covariate to the final model that is
representative of the interaction between the covariate of interest and the logarithm of
the time variable. If this interaction term has a corresponding small P-value (< .05),
one would conclude that the survival time between individuals with different values of
this covariate are not proportional. In other words, the effect of this covariate is not
the same at all points in time.

Variations of the effect of a covariate with time may not, however, be of
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concern. The parameter estimates for a significant covariate represents the average
effect of that covariate over the range of time observed in the data (Alliéon etal,
1995). Apparent violations of the proportional hazards assumption were therefore
checked via log-cumulative hazard plots for each of the above models. This is a plot of
the negative logarithm of the estimated survivor function on the vertical axis against the
logarithm of the time variable on the horizontal axis (Collett, 1994). Figures 1, 2, and
3 are the log-cumulative hazard plots for all significant variables in the first stratum of
the PWP Model, the second stratum of the PWP Model, and the Cox Model to each
individual's last injury, respectively. Variables representing quartiles were used to
construct plots for continuous variables. Only plots representing the significant
covariates in the adjusted model are shown for the Cox Model to an individual's last
injury (Figure 3).

Notice that the different strata in each log-cumulative hazard plot do not vary
greatly from one another. The small divergences between the different curves on each
plot represent that the survival times between individuals in these different groups may
not be perfectly proportional; however, this also exhibits that this non-proportionality is

not of concern in this setting.
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Figure 2 - Log-Cumulative Hazard Plots for Second Stratum of PWP Model
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Figure 3 - Log-Cumulative Hazard Plots for Cox Model to Last Injury
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DISCUSSION

The first strata of the PWP Model yielded risk factors that were similar to those
customarily seen in previous injury epidemiology studies on military populations (Jones
and Hanson, 1996). Marital status is a risk factor that has not previously been
investigated. The fact that this analysis suggests that married soldiers are 27% more
likely to sustain an injury than their unmarried counterparts (p < .10) warrants further
examination. The risk factors associated with the second strata of the PWP Model,
with the exception of upper body strength and endurance as measured by the 2-minute
timed push-up test, are very different from the commonly agreed upon risk factors for
injury in military populations. There is a highly significant difference in the risk of a
subsequent injury among different ethnic groups which should be further examined.
However, the risk factors associated with the sequela of the preceding injury are
perhaps of greater interest. Specifically, the fact that this analysis suggests that
individuals whose immediately preceding injury was a traumatic event (as opposed to
an overuse or an unspecified pain injury) have an 83% increased likelihood to sustain a
subsequent injury suggests that there should perhaps be a change in the medical
management of these individuals. For example, one could hypothesize that this
increased risk is a result of inadequate recovery time after a traumatic injury. If future
research proves this to be true, it would therefore be reasonably simple to minimize this
excess risk.

Another aspect of the sequela of the previous injury that was a significant risk
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factor for subsequent injury was the highest level of medical provider seen for the
immediately preceding injury. Specifically, those individuals who saw only a medic, the
lowest level of medical provider, after their initial injury were at a 72% increased

risk of enduring a subsequent injury. This is likely because medics are the only medical
providers that do not have the authority to order a restriction on an individual's activity.
This should be further examined, and if proven to be true, simple changes in the
medical management of injured individuals may provide a simple injury control
measure.

While it is intuitive that injured individuals are at increased risk for a subsequent
injury, especially in the time immediately following the event, previéus injury
epidemiology has predominately ignored this phenomena. The Cox Model of time to
last injury supplies information regarding the magnitude of the increased risk associated
with having a recent previous injury history. These data show that having a recent
injury increases an individual’s risk of having a subsequent injury approximately seven-
fold. Additionally, this increased risk is independent of the other significant risk
factors. It is also possible that this seven-fold increase in risk associated with previous
injury history is an underestimation of the truth. This analysis examined only the first
and second injury events for an interval that did not exceed 18 months. Therefore, if
the increased risk associated with recent previous injury is cumulative, examination of
this occurrence over a longer time duration and for a larger number of injuries might be

expected to show a still greater risk associated with previous injury history. A
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limitation of this analysis is that it assumes individuals had no prior injury history prior
to the beginning of this study. This is not likely to be true, therefore suggesting that
the increased risk associated with previous injury history may subside with time. This

possibility should also be examined in greater detail.

BENEFITS OF THE PWP MODEL

The PWP Model has been determined to be the most appropriate failure time
model to analyze these data and perhaps, more generally, data in the multiple injury
event setting (Schneider, In Press). This model has the benefit of permitting a different
baseline hazard function for each event, thus allowing for the associated risk of a
particular covariate to be compared across strata (injury events). Table 10 displays the
hazard ratios for the final PWP Model, as well as for a "comparison”" model that
includes, in both strata, all covariates that were significant in either stratum. In this
manner, changes in the parameter estimates from one injury to the next can be easily
compared. Table 10 also shows the percentage of change in the parameter estimates
(the natural logarithm of the hazard ratio) between the final and comparison model
where applicable. There was no significant confounding of parameter estimates
between the two models.

A practical advantage of the PWP Model is inherent within the structure of the
database. Specifically, Kaplan-Meier survivor estimates to the time of injury can easily

be plotted on the same axis. Figure 4 shows that the estimated survivor function for
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TABLE 10 - Parameter Estimates for Final and "Comparison" PWP Models

Hazard Ratio for Hazard Ratio for % Change in
Final Model "Comparison Model" Parameter
Estimate
Push-up stratum=1 1.162™" 1.160™" -135%
Push-up stratum=2 1.250" 1.310™ 17.41 %
Sit-up stratum=1 1.153" 1.154" 0.70 %
Sit-up stratum=2 NA 1.070™ NA
Age stratum=1 0.961" 0.962™ -2.56 %
Age stratum=2 NA 0.977* NA
Alcohol stratum=1 1.303" 1.297" -1.92%
Alcohol stratum=2 NA 0.816™ NA
Marital Status 1.270% 1.273° 0.83 %
stratum=1 NA 1.189% NA
Marital Status
stratum=2
Ethnicity
(referent=white) NA 0.982™ NA
giact stratum=’ 1.038™ 1.035™ 8.82%
e 4.246™" 4.618"" 5.49 %
S“g?‘m‘ _ NA 0.876™ NA
1panmce 0.289" 0.289" 024 %
stratum=2
Other stratum=1
Other stratum=2
Prev traum injury NA NA NA
stratum=1 1.835" 1.793" -3.94 %
Prev traum injury
stratum=2
Prev Provdr- medic NA NA NA
stratum=1 1.716™ 1.844™ 11.76 %
Prev Provdr- medic
stratum=1
"P<.1 TP<05 P<.01 TTP<.001 ™P>.1

NA = Not Applicable

Sconfounded with age

36




the first injury is consistently less than that of the second injury. This suggests that
once an individual experiences a traumatic injury to the lower extremity or low back, he
is at greater risk to undergo a similar subsequent injury. The results of the log-rank for
the equality of the survivor function between the two strata in the PWP Model are
shown in Table 11. This specifies that of the 460 injuries of interest, 55 of them are
expected to be an individual's second injury; however, the actual number of second
injuries is 121, more than twice the expected number. This yields information that is
similar to that from log-rank test conducted on the binary variable previous injury in

conjunction with the Cox Model to last injury (refer to Table 9).
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Figure 4 - Kaplan-Meier Survivor Estimates for the Two Strata (Injury Events)
in the PWP Model
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TABLE 11 - Log-Rank Test for Equality of Survivor Functions

between the Two Strata (Injury Events) in the PWP Model

Observed Expected
Stratum 1 (first injury) 339 405
Stratum 2 (second injury) 121 55
Totals 460 460

Chi-square = 89.49, 1df (p < 0.0001)

BENEFITS OF THE COX MODEL OF THE TIME TO LAST INJURY

While the PWP Model is the best for analyzing recurrent injuries, it does have
one limitation. Speciﬁcally, the increase in hazard attributable to having a previous
injury is not directly estimable. The PWP Model does allow for verification that there
is an increased risk for injury having had a previous injury by way of Kaplan-Meier
estimates of Athe survivor function and log-rank tests of the different strata (injury
events). However, the Cox Model of the time to the last injury event is needed to fully

understand the effect of previous injury history on subsequent injury, as this model

estimates the increased hazard associated with having had a previous injury.
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APPENDIX 1 - TIME DEPENDANT SINGLE EVENT ANALYSIS
USING THE COX PROPORTIONAL HAZARDS MODEL
DERIVATION OF THE LIKELIHOOD
The unconditional full likelihood for a time dependent single event analysis
represents each outcome as a triplet of the form
[ti, ci, xi(t)] (1)
where
t; = time to last contact
¢; = event indicator (O=censored, 1=event)
xi(ti) = vector of explanatory variables, possibly a function of t;
with i=1 to N indexing the subjects, assumed independent.

Consider a censored outcome at time t. All that is known about this individual
is that their survival time is greater than t. Thus, his/her contribution to.the
unconditional full likelihood is the probability that an individual with associated
covariate pattern x survives until at least time t. This is synonymous with the
survivorship function, S(3). Since c=0 for a censored outcome, the contribution to the
likelihood may be expressed as follows:

[S(t, B, x(t)]™, (2)
where S(3) is the survivorship function and is assumed to be related to the vector of
covariates, x(t), through an associated vector of regression coefficient 8.

Consider next an actual event occurring at time t. Here, the contribution to the




likelihood is identically the density function, f(3). Thus with c=1 for an actual event,
the contribution to the likelihood function becomes the following:
[fit, B, xW)]° €))
Again, f(3) is assumed to be related to the vector of covariates, x(t), through an
associated vector of regression coefficients.
For a sample of N individuals, the unconditional full likelihood is the product of
the N independent contributions. Thus,
L(B) = 810 [S(t, B, x(t)]"™ [fit, B, x(O)]° “4)
This unconditional full likelihood is completely general: No assumptions have been
made‘ about the form of S(3) and f(3), the link between x(t) and S(3) and f(3), nor the
relationship between the event and censoring mechanisms. Thus, further assumptions

and a model are needed in order to make inferences about B (Hosmer, 1996).

HEURISTIC OF THE COX PROPORTIONAL HAZARDS MODEL

Cox's (1972) formulation of the Proportional Hazards Model derives from a
partial likelihood function that conditions on the set of actual event times and exploits
two assumptions:

(1) The censoring mechanism is independent of the event mechanism.
(2) The hazard function h(t, B, x) is linked to the explanatory variables via the model

h(t, B, x) = ho(t) exp[x(t)B] e

where hy(t) is an arbitrary baseline hazard function that is independent of x(t) for all t.
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The advantage to conditioning on the set of actual event times is that it avoids
having to make an assumption about the form of S(3) and f(3); e.g., exponential,
Weibull, etc. The advantage to assuming that the censoring mechanism is independent
of the event mechanism is that it permits analysis of a partial likelihood, which

considers only observed actual events and the associated risk sets.

THE COX PROPORTIONAL HAZARDS MODEL AND THE UNDERLYING
PARTIAL LIKELIHOOD

As indicated above, the conditional likelihood used to derive the partial
likelihood that underlies the Cox Model conditions on the set of ordered occasions on
which actual events occurred. Suppose there are n actual events, n#N. If these are
denoted using the usual order statistic notation, {ts}, the conditional likelihood of
interest is that of

[t1, ¢1, Xy(t)],- s [tns Coy X(ta)] * {te)} (6)

Without loss of generality, suppose C, individuals are censored prior to the first

event, an additional C, individuals are censored prior to the second event, and so forth.
Arguing conditionally on the set of event times {t;} allows us to write the conditional
likelihood as the following product:

Leone([t1, ¢1, X1t [tn, G Xen(ta)] * {t0}) =

L[C, censored in (0,t:1y), No events in (0,ty)] 3

L[1st event at ty* history to tgy] 3 ....... 3
L[n" event at ty* history to t;] 3 L[Cp censored after tm] @)
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where for ease of notation, "history to tqy," is shorthand for "no events in (0, ty),"
"history to tz)," is shorthand for "no events in (0, t.y), one event at t(;), no events in
tay’, t)," etc. Following Andersen et al. (1993, page 49), these "histories" are
denoted ). Thus ) represents the available data at time t, and )~ represents the
available data at time t". Thus, the conditional likelihood can be constructed
incrementally over the occasions of censoring and event times by exploiting the
theorem of total probabilities. The first term represents the likelihood of the first C;
censoring, the second term represents the likelihood of the first event at time ty),
conditional on the history to time t;y, and so on. This is analogous to the lifetable
approach to estimating survival probabilities. Further inspection rev.eals that this
conditional likelihood contains two types of terms: one corresponding to the occasions
of censoring and the other corresponding to occasions of the actual events. When
these are regrouped, the full conditional likelihood is seen to be of the following form:
Leona{[t1, €1, X1(t1)],-....... » [ta, Cn, Xa(t)] * {te)}} =
Si-1ton L[j™ event at time tG) | Ay
3 941 10 L[C; censored in (t4)", tg)* tg-n]
3 L[Cqe1 censored at ) * Mtg] ®)
Here the subscript j indexes the n actual event times and by definition, t," = 0.
The Cox Model partial likelihood is extracted from the conditional likelihood by
dropping the censoring likelihood terms. Justification is the assumption that the

censoring mechanism is independent of the event mechanism and that the censoring

likelihood terms contain no information about 3. We then obtain:
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LA{[ts, c1, xa(t)],........ , [ty on, xn(t)] * {t)} ) partial
= Bj=1ton L[i“‘ event at time t(j)*\t(j)'] )]

The conditional likelihood, L[j™ event at time t* )tg], can then be seen to be

equal to the following:

L[j'h event at time t;)* \t(j)'] =

L[j™ event at time t(,-)*j“' survives to time t’] )
34 r; L[u™ event at time tg*u™ survives to time t;y] (10)
where R; is the subset remaining at risk at time tgy.
Notice that the assumption of independence of the event and censoring
mechanisms permits replacing the condition " history to time tq); " with the risk set at
time t;y , which is denoted R;. Finally, noting that L[u™ event at time t;* u™ survives

to time t;] is by definition the hazard function, yields the following partial conditional

likelihood:

LA{[ts, c1, X1t [ty O3, Xn(t0)] * {t)} ) partial =
Sj=1 ton [h(t(]): B: K_]) ) 311: Rj h(t(]): B) KU)] (1 1)
As in lifetable methods of estimation, censored observations are retained in the
likelihood as long as they are at risk.

Finally, substitution of the Cox Model assumption yields:

L{[tl, Ci, Kl(tl)], ........ s [tn, Cn, &,(tn)] * {t(i)} }panial =
Si=110n { ho(tg)) exp[x(t)'B]) 3u:rj ho(tg) explu(ts)B] } =
Bi=1t0n {exp[x(tG)'B] ) 3u: r; explu(t)'B] } (12)

46




Maximum likelihood based inference for 8 is based on this function.
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APPENDIX 2 - TIME DEPENDANT MULTIPLE EVENT ANALYSIS
USING THE PRENTICE, WILLIAMS AND PETERSON (PWP) MODEL

The PWP Model is an alternative to the Cox Model that has less stringent
assumptions than other multiple event regression techniques. Specifically, it allows
both the baseline hazard and the values of the regression parameters to vary by event.
This is accomplished through the use of stratification. Strata are defined according to
the number of previous events (Prentice, Williams, and Peterson, 1981).

As this report concerns the modeling of one recurrence of event, the number of
previous events can be only 0 or 1. Let s =0,1 index the number of preceding events,
thus indicating the strata. The PWP Model formulates the intensity process, hence the
change in the counting process over a small increment of time, separately for each
stratum s:

Asi(t) = Ysi(t) hao(t) exp[xi(t)Bs] (13)

Formulation of the PWP Model permits a separate such linking for each number
of preceding events. Thus, the baseline hazard of an event varies depending on the
number of preceding events. As well, the effect of the covariate pattern history can
also vary with respect to the number of preceding events. Let s=0,1,......S index the
number of preceding events. (Note: In this report, where interest is in the analysis of
one recurrence of injury, s is either 0 or 1.)

The PWP Model further allows for time zero to be defined in various ways

depending on the interest of the investigator. Prentice, Williams and Peterson suggest
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two definitions for time zero: the time t since the beginning of the study, and the time t-
taw, the time since the immediately preceding event, which is often referred to as the
gap-time model. Thus, the PWP Model formulates the instantaneous risk of an event at
time t as a function of the number of events history and the covariate pattern history as

follows:

h(t, B, x(t) * n(t)=s) = hes(t)exp(x(t)'Bs) and (14)
h(t, B, x(t) * n(t)=s) = hoy(t-tae-1)exp(x(t)'Bs) (15)

for the time since the beginning of the study and the time since the immediately
preceding event, respectively, where,

s=0,1...S = the number of preceding events

hos(t) and hoy(t-ta-1) = the corresponding baseline hazard functions for the two possible

time scales
Bs = the vector of stratum specific regression coefficients.

The formulation of the PWP Model is most easily understood in the context of
the dertvation of the Cox Model. Recall first the Cox Model's link of the hazard

function, h(3), to the explanatory variables x and the associated regression parameters
B:
h(t, B, x) = ho(t) exp[x(t)8] (16)
Recall next that the partial likelihood for the Cox Model is defined:
Lyariat = S-110n {€XP[x(te)'B] ) 3 r; explu(te)B] } (17)
The PWP Model adapts this partial likelihood, employing the stratification of number

of previous events, where all individuals in a given strata are homogeneous with respect
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to the number of preceding events. The corresponding partial likelihood equation for

the time since the beginning of the study is therefore:
Lewpt = =0 t0 s Fk=1to ds { €xp [Kgc(tsk)'ﬁg] ) 340 Rk, )EXP [Kg(tsk)'ﬁg] } (1 8)

where,
d, = number of actual events occurring in the s™ stratum defined by the number of

preceding events.
R(tq) = the subset at risk in the s™ stratum just prior to time tg.

For the gap-time choice of time scale, the PWP partial likelihood is expressed:
Lowpz = 950 to s Skc=1 to ds {CXP[Xg(tsk)'ﬁg] ) 34 0 Revsk, €XP [Kg(\u_i_vsk)'ﬁg] } (19)

where,

. = the last failure time on subject u prior to entry into stratum s.
v« = the gap time from the immediately preceding event.

Maximum likelihood based inference for B, are based on these partial likelihood

equations.
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